ABSTRACT Objective: To compare the extent of canine distalization and the transversal changes, postdistalization gingival indices, and mobility scores between patients who were undergoing orthodontic treatment involving upper premolar extraction with (experimental group) or without piezocision. Materials and Methods: Twenty maxillary canines of 10 patients were evaluated with split mouth design. Pre-and postdistalization dental casts were prepared and scanned with an orthodontic scanner to compare the extent of distalization and transversal changes between the two groups. The pre-and postdistalization gingival indices and mobility scores were also calculated. Results: Three-dimensional analysis of the models revealed significant differences in tooth movement (lesser anchorage loss and greater canine distalization) between the experimental and control groups. Furthermore, the distalization time was shortened in the experimental group. There were no differences in the transversal changes, pre-and postdistalization gingival indices, or mobility scores between groups. Conclusion: Piezocision-assisted distalization accelerates tooth movement, decreases the anchorage loss for posterior teeth, and does not induce any maxillary transversal change. Moreover, piezocision does not have any adverse effects on periodontal health. (Angle Orthod. 2016;86:59-65.) 
INTRODUCTION
An increasing number of patients are demanding orthodontic treatment for improved esthetics and/or a better mastication system. 1 One of the important challenges of orthodontic treatment faced by both patients 2 and orthodontists is the treatment duration. The rate of biological orthodontic tooth movement is approximately 1 mm over 4 weeks. Accordingly, in cases of upper premolar extraction and maximum anchorage, distalization of canines can take almost 7 months, leading to total treatment duration of 2 years. 2 To face this challenge, several surgical techniques have been developed and attempted, including periodontal ligament distraction, 3 micro-osteoperforations, 4 and piezopuncture. 5 Recently, Kim et al. 6 and Dibart et al. 7 introduced a minimally invasive technique as an alternative to induce surgical damage to the alveolar bone without any flap surgery. This technique, also known as piezocision, involved the insertion of a scalpel and mallet into the gingiva and the placement of incisions using an ultrasonic tool (piezocision). These incisions or bone injuries are responsible for the initiation of a deciduous demineralization process called the regional acceleratory phenomenon (RAP). The transient osteopenia associated with this phenomenon causes rapid tooth movement because the teeth move in a pliable environment. 8, 9 Because of the induced RAP effect, a pliable environment is expected after piezocision, 4, 7 which can lead to maxillary constriction and/or crossbites for posterior teeth.
Elastomeric power chains are often used in orthodontic practice, especially for closing spaces. Their advantages are no patient cooperation required, low cost, smooth surface, and their irritation-free nature. 10, 11 The objectives of this research were to evaluate the effectiveness of piezocision-assisted canine distalization using three-dimensional (3D) measurements and to assess the transversal changes, postdistalization gingival status, and mobility scores.
MATERIALS AND METHODS
This study was approved by the ethical committee at Bezmialem Vakif University. Patients indicated for maxillary first premolar extraction and bilateral canine distalization were selected from those with half or more unit Class II malocclusion. All patients had to fulfill the following criteria: healthy systemic condition and no previous orthodontic treatment. All patients were also required to have good oral hygiene, probing depth of ,3 mm (measured from the bottom of the sulcus to the most apical portion of the gingival margin), no loss of periodontal attachment, and no radiographic evidence of bone loss. The study involved a split-mouth design, with the experimental quadrant selected by randomization. Twenty maxillary canines of 10 patients fulfilled all the inclusion criteria and were included. The mean age of the patients was 16.3 6 2.4 years, including six female and four male patients. The hand-wrist radiographs revealed that all of the patients were not growing and in the adult stage, except one male patient who was in the postpeak stage.
Roth's prescription edgewise brackets (Master Series, American Orthodontics, Sheboygan, Wis) with 0.022-inch slots were used. The teeth were leveled and aligned before canine distalization with moderate anchorage.
Before canine distalization and after the alignment and leveling phases, piezocision was performed on the experimental side. Following the induction of local anesthesia, two vertical interproximal incisions were placed through the periosteum and below the interdental papilla (not including free gingiva) on the mesiobuccal and distobuccal sides of the maxillary canines using a No. 15 blade. The grooves between the roots of the neighboring teeth were the reference for the cut lines. Vertical interproximal incisions were performed, 5 mm apical to the mesial and distal interdental papilla of the maxillary canines. Incision lengths were approximately 10 mm apically. A piezosurgery knife (BS1 insert, Piezotome, Satelec Acteon, Merignac, France) was used to create cortical alveolar incisions with a depth of 3 mm (Figure 1 ). The depths were verified by the millimetric signs on the piezosurgery knife. The upper 0.016 3 0.022-inch stainless steel archwire was ligated. The distalization phase was initiated after piezocision on the experimental side using elastomeric chains with an approximate force of 150 g measured using a force gauge. For the control side, distalization was started at the same time with the same mechanics. Patients were examined at 2-week intervals, and the elastomeric chains were replaced at each appointment until ideal Class I canine relationships were established. Both canines of each patient were planned to be distalized in terms of millimeters.
Pre-and postdistalization model casts were scanned using the 3Shape R900 scanner (3Shape A/S, Copenhagen, Denmark; Figure 2 ). The models were superimposed, and the changes in the models were evaluated for canine distalization changes ( Figure 3 ). The superimpositions were performed by selecting the medial end of the third palatal rugae as reference points. The usage of these points has been performed in similar researches. 12, 13 The canine and molar positions were defined in superimposed views, and the pre-and postdistalization distances were measured. The pre-and postdistalization mobility scores and gingival indices for the canines were also evaluated and scored. The Muhleman's index was used to assess mobility in our study 14 as per the following scoring system: 0, no mobility; 1, .0.5 and ,1 mm of mobility buccolingually; 2, .1 mm and ,2 mm of mobility buccolingually; 3, .2 mm of mobility buccolingually; and 3+, both vertical and buccolingual mobility. In the current study, the Silness and Loe gingival index was used. It scores the marginal and interproximal tissues separately on the basis of 0 to 3. The criteria are 0 5 normal gingiva, 1 5 mild inflammation, 2 5 moderate inflammation, 3 5 severe inflammation. 15 The transversal changes in the models were evaluated by using a midline plane following the incisive papilla and midpalatal raphe as described by Hoggan and Sadowsky. 12 The distance from the canine cusp tip to the midline plane and the first molar mesiobuccal cusp tip to the midline plane was measured for pre-and postdistalization models on two separate occasions by a single examiner ( Figure 4 ). The examiner who was responsible for the measurements was blinded.
The initial measurements were repeated after 1 week. Spearman's rho coefficients were calculated to analyze repeatability. For statistical analysis, because of nonnormal distribution, the Wilcoxon signed rank test was used to compare canine distalization, anchorage loss in the molar region, and transversal changes between the two groups. A probability of .05 was accepted as significance. All statistical analyses were performed using the Statistical Package for the Social Sciences software system (SPSS 13, SPSS, Chicago, Ill).
RESULTS
For error analysis, coefficients were found to be close to 1.00. In addition, five three-dimensional models were superimposed 1 week later, and all measurements were performed to check error analy- ses of the tooth movements. The results ranged from .909 to .983. Piezocision-assisted canine distalization decreased the total treatment duration and anchorage loss in the molar region. It also decreased the duration of canine distalization (Table 1) . Similarly, the amount of canine distalization was greater in the piezocision group ( Table 2 ). The anchorage loss for the first molars, measured in millimeters, was lesser and the canine distalization was greater in the piezocision group than in the control group (Table 3) .
The pre-and postdistalization mobility scores were not significantly different between the piezocision and control groups (Table 4) . However, the postdistalization mobility increased, although not significantly (P . .05), in both groups.
Similarly, there was no significant difference in the pre-and postdistalization gingival indices between the two groups (Table 5) . Although all patients were firmly instructed to maintain regular oral hygiene, two patients exhibited an increased gingival index on both sides because of poor oral hygiene. For transversal measurements, there was no significant difference between the two groups ( Table 6 ). The results indicated that there was a slight increase in the distance from midline plane/canine and midline plane/ first molar for pre-and postdistalization.
DISCUSSION
In the current study, RAP was evaluated for teeth subjected to piezocision; elastomeric chains were used with the application of optimal force for canine movement within the optimal biological limits. Compared with other similar techniques, piezocision is a minimally invasive surgical technique. The major novelty is the one-sided approach only from the buccal side; there is no requirement for intervention from the palatal or lingual side. Placement of incisions around the tooth is necessary when rapid movement is planned. Furthermore, RAP is a transient phenomenon; therefore, patients must be evaluated every 2 weeks during treatment. 7, 16 The effects of RAP can diminish with a decrease in tooth movement velocity over time, although the effects have been reported to last for approximately 4 months. 14, 17 Elastomeric chains can be preferred for space closures. 10 Dixon et al. 10 studied power chains and nickel titanium coil springs and concluded that although coil springs gave more rapid tooth movement, power chains were effective on space closure and they were a cheaper option for orthodontic treatment. Nightingale and Jones 18 revealed power chains to be as effective as nickel titanium coil springs for retraction. It was also stated that nickel titanium coil springs, power chains, elastic threads, and magnets are all able to provide optimum tooth movement. 19 The results of the current study revealed that the rate of tooth movement in the control group was similar to the rate of biological tooth movement, which is 1 to 1.5 mm over 4 weeks. 2 Statistical analysis revealed an accelerated canine distalization procedure in the piezocision group approximately two times faster than the control group. This result is in accordance with Aboul-Ela et al. 20 Leethanakul et al. 21 reported a canine distalization of 5.4 mm over 3 months when interseptal bone reduction was performed before distalization. In the current research, the canine distalization phase was completed in 3.5 months in the experimental group. Similarly, Aboul-Ela et al. 20 reported that a Class I canine relationship was established in 2 or 3 months in the experimental sides with corticotomy. The results of these studies are therefore similar, although piezocision is less traumatic and easier to perform compared with interseptal bone reduction.
The amount of canine distalization was 1.53 mm in the piezocision group for the first month. The amount decreased to 1.37 mm for the second month. These results were significantly higher than the control group. Aboul-Ela et al. 20 found that a 1.89-mm corticotomy assisted canine distalization for the first month and a 1.83-mm corticotomy for the second month in their accelerated tooth movement study. Sousa et al. 22 revealed 1.16-mm laser-assisted canine distalization for the first month and 0.89-mm distalization for the second month in their accelerated tooth movement study with a diode laser.
The cusp tips of the teeth were chosen as the measuring landmarks instead of the labial surfaces of the teeth. Gianelly 23 used labial surfaces to determine the widest widths to prevent confusion when selected cusp tips were not distinct. These measurement points can have reasonable effects but should not be used for every study. In a similar study performed by Sukurica et al., 24 cusp tips were used. In the current study, the cusp tips were selected because of their good visibility and easy use with the 3D model analysis system. This research was undertaken to determine the effect of piezocision-assisted canine distalization on transverse dimensions. The distance from the canine/midline plane increased after distalization, and this result is consistent with a similar study performed by Luppanapornlarp and Johnston. 25 Paquette et al. 26 found an increase of approximately 1.0 mm in the mandibular intercanine width after extraction therapy. This is also in accordance with our study results. The difference in midline plane/first molar distance increased after distalization. The usual expectation is that the posterior region of the maxillary arch becomes narrower as the molars move anteriorly into the narrower part of the arch during space closure. However, Gianelly 23 found no change for intermolar widths after extraction therapy. In the current study, slight increases were detected for the midline plane/first molar width after canine distalization. Similarly, Johnson and Smith 27 stated that transverse arch width was maintained or slightly enlarged after extraction.
In the current study, no dangerous side effects on the periodontium have been observed with the gingival index. 15 After piezocision, it can be difficult to brush around the canine region; moreover, the gingival index can change because of the periodontal incisions. Plaque accumulation can increase around brackets, and patients with poor oral hygiene have a greater tendency to develop periodontal problems. In addition, elastomers exhibited an increased number of microorganisms when compared with stainless steel ligation. 28, 29 So, the patients were informed and educated about oral hygiene. However, there was no difference in the pre-and postdistalization gingival health of the upper canines between the piezocision and control groups in our study. The Muhleman's index was used to assess mobility in our study.
14 There was no difference in pre-and postdistalization mobility scores between the two groups, although the scores increased after distalization in both groups. These results are in agreement with similar rapid tooth movement research performed with corticotomies. 20, 30, 31 In the current study, no complications or side effects were observed. Similarly, there have been no complications related to piezocision reported in the dental literature until now. Because piezocision is similar to corticosion techniques, there can be interdental bone loss or periodontal defects. 32 Postoperative swelling or hematoma can also be observed after corticotomy applications. 33 
CONCLUSIONS
N Piezocision-assisted canine distalization increases the velocity of canine distalization and decreases the overall treatment duration. N Piezocision is also helpful for posterior anchorage control. It aids in maintaining the molars in a more stable position compared with conventional distalization. N There was no difference in the gingival and mobility indices before and after distalization in our study, indicating that piezocision does not negatively affect periodontal health. N There is no maxillary constriction after piezocision.
Thus, piezosurgical incisions can be used safely without any narrowing the transversal dimensions. 
